Conceived as s a supplementary text and reference book for undergraduate and graduate students of science and engineering, this book intends communicating the fundamental concepts of vectors and their applications. It is divided into three units. The first unit deals with basic formulation: both conceptual and theoretical. It discusses applications of algebraic operations, Levi-Civita notation and curvilinear coordinate systems like spherical polar and parabolic systems. Structures and analytical geometry of curves and surfaces is covered in detail.
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(b) The southward angle θ at which the shell will fire from a moving tank so that its resulting velocity is due west. In carrying a test charge from a to b the same work is done along either path 326 11.5 Line integral over a unit circle 328 11.6 Line integral around a simple closed curve as the sum of the line integrals over its projections on the coordinate planes 330 11.7 Illustrating Eq. (11.13) 333 11.8 Each winding of the curve of integration around the z axis adds 2π to its value 335 11.9 Illustration of a simply connected domain 337 11.10 The closed loop for integration 340 11.11 The geometry of Eq. (11.17) 342 11.12 A spherically symmetric mass distribution 347 11.13 Variables in the multipole expansion 352 11.14 Earth's rotation affected its shape in its formative stage 354 11.15 Area integral 358 11.16 Area swept out by radius vector along a closed curve. Cross-hatched region is swept out twice in opposite directions, so its area is zero. 359 11.17 Directed area of a self-intersecting closed plane curve. Vertical and horizontal lines denote areas with opposite orientation, so cross-hatched region has zero area. 360 11.18 Interior and exterior approximations to the area of the unit disc |x| ≤ 1 for n = 0, 1, 2 where Preface This is a textbook on vectors at the undergraduate/advanced undergraduate level. Its target readership is the undergraduate student of science and engineering. It may also be used by professional scientists and engineers to brush up on various aspects of vectors and applications of their interest. Vectors, vector operators and vector analysis form the essential background to and the skeleton of many courses in science and engineering. Therefore, the utility of a book which clearly builds up the theoretical structure and applications of vectors cannot be over-emphasized. The present book is an attempt to fulfill such a requirement. This book, for instance, can be used to give a course forming a common pre-requisite for a number of science and engineering courses. In this book, I have tried to develop the theory and applications of vectors from scratch. Although the subject is presented in a general setting, it is developed in 3-D space using basic vector algebra. A coordinate-free approach is taken throughout, so that all developments are free of any particular coordinate system and apply to all coordinate systems. This approach directly deals with vectors instead of their components or coordinates and combines these vectors using vector algebra. A large part of this book is inspired by the geometric algebra of multivectors that originated in the 19th century, in the works of Grassmann and Clifford and which has had a powerful re-incarnation with enhanced applicability in the recent works of D. Hestenes and others [7, 10, 11] . This is one of the most general algebraic formulations of geometry of which vectors form a special case. Keeping the multivector geometric algebra at the backdrop makes the coordinate free approach for vectors emerge naturally. On a personal note, the book on classical mechanics by D. Hestenes [10] , which introduced me to the multivector geometric algebra, has always been a source of joy and education for me. I have always enjoyed solving problems from this book, many of them are included here. In fact I have used Hestenes' work in various places throughout the book, without using or referring to the geometric algebra or geometric calculus.
While designing this book I was guided by two principles: A consistent development of the subject from scratch, and also showing the beauty of the whole edifice and extending the utility of the book to the largest possible cross-section of students. The book comprises three parts, one for each part of the title: First on the basic formulation, the second on xxii Preface vector operators and the third on vector analysis. Following is the brief description of each one of them.
The first part gives the basic formulation, both conceptual and theoretical. The first chapter builds basic concepts and tools. The first three sections are the result of my experience with students and I have found that these matters should be explicitly dealt with for the correct understanding of the subject. I hope that the first three sections will clear up the confusion and the misconceptions regarding many basic issues, in the minds of students. I have also given the applications and examples of every algebraic operation, starting from vector addition. Levi-Civita notation is introduced in detail and used to get the vector identities. The metric space structure is introduced and used to understand vectors in the context of the physical quantities they represent. Apart from the essential structures like basis, dimension, coordinate systems and the consequences of linearity, the curvilinear coordinate systems like spherical polar and parabolic systems are developed systematically. Vector fields are defined and their basic structure is given. The orientation of a linearly independent triplet of vectors is then discussed, also including the orientation of a triplet relative to a coordinate system and the related concept of the orientation of a plane, which is later used to understand the orientation of a surface. The second chapter deals with the analytical geometry of curves and surfaces emphasizing vector methods. The third chapter uses complex algebra for manipulating planar vectors and for the description and transformations of the plane curves. In this chapter I follow the treatment by Zwikker [26] which is a complete and rigorous exposition of these issues.
The second part deals with operators on vectors. Everything about vector operators is formulated using vector algebra (scalar and vector products) and matrices. The fourth chapter gives the algebra of operators and various types of operators, and proves and emphasizes the equivalence between the algebra of vector operators and the algebra of matrices representing them. The fifth chapter gives general formulation of getting eigenvectors and eigenvalues of a linear operator on vectors using vector algebra. The properties of the spectrum of a symmetric operator are also obtained using vector algebra. Thus, extremely useful and general methods are accessible to the students using elementary vector algebra. A powerful algorithm to diagonalize a positive operator acting on a 2-D space, called Mohr's algorithm, is then described. Mohr's algorithm has been routinely used by engineers via its graphical implementation, as explained in the text. The sixth chapter develops in detail orthogonal transformations as rotations or reflections. The generic forms for operators of reflection and rotation, as well as the matrices for the rotation operator are obtained. The relationship between rotation and reflection is established via Hamilton's theorem. The active and passive transformations and their connection with symmetry is discussed. The concept of broken symmetry is briefly discussed. The Euler angle construction for arbitrary rotation is then derived. The problem of finding the axis and the angle of rotation corresponding to a given orthogonal matrix is solved as the Euler's theorem. The second part ends with the seventh chapter on transformation groups and deals with the rotation group, group of isometries and the Euclidean group, with applications to rigid displacements.
